Introduction {#sec0005}
============

According to the historian Castiglione,[@bib0260] orthopedics originated "from the need for immediate assistance, even if using coarse empirical instruments".

Although the term "orthopedics" was only created by Andry (1741) *apud* Maia,[@bib0265] evidence of orthopedic procedures can be seen in the ancient archeological records from our civilizations. It is likely that many of them not only had therapeutic objectives but also involved some type of magic, such as trepanation performed to release the demons that caused the diseases and malaises of that era.[@bib0260]

There is a consensus among historians that times of war have been fundamental for the development and improvement of orthopedics.[@bib0270]

Definition {#sec0010}
==========

Exposed fractures are those that present communication with the external environment through a soft-tissue lesion.[@bib0275] These situations are considered to be orthopedic emergencies[@bib0280] and the aim of the treatment in such cases is to enable consolidation without occurrences of infection.

A large proportion of exposed fractures show evident exposure at the time of their initial presentation. However, in some of these cases, it may be unclear whether there is contiguity between the focus of the fracture and the external environment. Thus, it is recommended that it should be assumed that the fracture is exposed, whenever soft-tissue lesions are present, adjacent to the focus of the fracture.[@bib0285]

History {#sec0015}
=======

The first discussions regarding treatments for exposed fractures date back to Hippocrates, who advocated that the treatment should comprise occlusive dressings after improvement of the edema and debridement of the purulent material coming from the exposure.[@bib0290] Galeno, *apud* Wangensteen,[@bib0295] believed that the purulence was involved in the healing process and therefore should be stimulated. In the sixteenth century, Brunschwig and Botello, *apud* Trueta,[@bib0300] were the first to observe the benefits of removal of the devitalized tissue.

A physician in the French army named Paré (1517--90), *apud* Castiglione,[@bib0260] rejected the practice of treating wounds and exposed fractures with boiling oil, which had been one of the precepts put forward by Hippocrates. Instead, he observed that the evolution was more satisfactory in cases in which the wound was simply cleaned and closed. Paré, *apud* Trueta,[@bib0300] also observed that there was a need to expand the wounds in the fractured limbs, in order to allow free drainage of the material coming from the injury.

In the eighteenth century, Desault also recommended, along with Botello and Brunschwig *apud* Trueta,[@bib0300] that the necrotic tissue in wounds should be cleaned out and removed. This procedure became known as debridement. Desault, *apud* Trueta,[@bib0300] also observed that the time at which debridement was performed was fundamentally important for the prognosis of the lesion.

The Second World War greatly contributed toward advances in treatments for exposed fractures. Widespread use of antibiotics dates from this period.[@bib0305] During the Korean and Vietnam wars, methods for temporary immobilization were developed, along with sterile dressings, broad-spectrum antibiotics, debridement techniques, irrigation with saline solution and sequential approaches toward lesions. These served as the foundation for the methods used today.[@bib0305]

Over the last few years, the role of the American College of Surgeons can be highlighted. This body established the principles of the attendance sequence known as advanced trauma life support (ATLS), which provide rules for pre-hospital and hospital care for multiple-trauma patients, often presenting exposed fractures.[@bib0310]

Diagnosis {#sec0020}
=========

Diagnosing exposed fractures is not always an obvious matter. Therefore, if skin lesions are observed on a fractured limb, the first principles for treating such fractures need to be followed.[@bib0315]

Clinically, the diagnosis can be made through observing the fractured segment via the wound. However, in cases of doubtful diagnoses, such as in punctiform or contused lesions, droplets of fat that are present in the blood coming out of the wound may suggest this diagnosis. Radiographically, subcutaneous emphysema seen on simple radiographs or images suggestive of the present of gas at the focus of the fracture may contribute toward the diagnosis.[@bib0320]

An accurate physical examination, including inspection and palpation of bone protuberances, is fundamental for the initial management of these patients. The musculature involved should be assessed; the existence of pulse and perfusion alterations should be investigated from the coloring and temperature of the extremities; and a neurological examination should be performed in order to assess sensitivity, motricity and reflexes. These steps will help in classifying the lesions and in making an early diagnosis of possible complications, such as compartmental syndrome.[@bib0325]

Measurement of the compartment pressure may be useful in cases in which there is some doubt regarding the occurrence of compartment syndrome.[@bib0330] Ultrasonography with color Doppler may be useful in making diagnostic evaluations on suspected vascular lesions and can be complemented with arteriography.[@bib0335]

Radiographs covering the entire fractured segment, including the joints proximal and distal to the fracture, are fundamental for characterizing the fracture and for estimating the level of energy that was involved in the initial trauma.[@bib0340], [@bib0345] Computed tomography may be requested in cases of fractures in which the joint surfaces are compromised, in order to plan the surgery more adequately,[@bib0350] after emergency treatment measures have been implemented.

Classification {#sec0025}
==============

A variety of systems have been proposed for classifying exposed fractures.

The Gustilo classification, which is the one most used nowadays, takes into consideration the energy of the trauma, the degree of soft-tissue injury and the degree of contamination, which all have prognostic implications and define the treatment[@bib0355], [@bib0360] ([Table 1](#tbl0005){ref-type="table"}).

The AO group (Arbeitsgemeinschaft für Osteosynthesefragen)[@bib0365] has also developed a classification system ([Table 2](#tbl0010){ref-type="table"}) for exposed fractures. This system, along with that of Tscherne and Ouster[@bib0370] ([Table 3](#tbl0015){ref-type="table"}), also emphasizes the importance of soft-tissue injuries, even in the absence of contiguity solution with the environment.

Advances in treating exposed fractures {#sec0030}
======================================

Treatment of exposed fractures constitutes an orthopedic emergency and this should be included in the sequential attendance for multiple-trauma cases that is recognized within ATLS.[@bib0375] Initially, efforts should be directed toward ensuring the patient\'s survival and the so-called ABCDE of the trauma should be performed[@bib0380] ([Table 4](#tbl0020){ref-type="table"}).

All individuals who have injuries to more than one systemic organ, such that at least one of them is life-threatening or has a score of more than 16 in the injury severity score (ISS), should be considered to be multiple-trauma cases.[@bib0385], [@bib0390]

For multiple-trauma patients, because of the significant immunological response, the treatment should be sequenced into four parts[@bib0380] ([Table 5](#tbl0025){ref-type="table"}).

The treatment for exposed fractures is started at the emergency service. After the patient has been brought to the emergency room, and as soon as the clinical stabilization phase has been finished, an orthopedic examination should be conducted. All the findings should be documented in the medical file, with photos if possible, and the area of exposure should be protected with a sterile dressing. Multiple reevaluations of the wound are not recommended, given that this has been correlated with greater risk of infection.[@bib0395] Anti-tetanus prophylaxis should be administered, depending on the patient\'s vaccination status and the degree of contamination of the wound[@bib0400] ([Table 6](#tbl0030){ref-type="table"}).

As soon as venous access can be achieved, antibiotic prophylaxis should be started.[@bib0405] For Gustilo type I fractures, first-generation cephalosporin should be prescribed, while for type II or III fractures, gentamicin and clindamycin should be prescribed, for an initial period of 14 days. This length of time may be extended, depending on the patient\'s clinical evolution.[@bib0400] Collection of culturing material from the initial debridement has been questioned because of the low correlation between the microorganisms isolated from this and the real causative agents of possible infections.[@bib0410]

After the initial clinical stabilization, the patient is taken to the surgical center for local treatment of the fracture. The wound is firstly covered and asepsis and antisepsis are performed on the entire limb. After this, the wound is uncovered and, if necessary, extended in order to view the deep tissues better. Irrigation with simple physiological serum is implemented, usually with a volume of around 10 L. This can be increased if necessary, until no more debris and dirt can be seen. This process aims to diminish the absolute number of contaminating bacteria and remove dirt that cannot be removed manually.[@bib0415] After this irrigation has been completed, the surgical scrubs are changed and new antisepsis is implemented. Debridement of the devitalized tissues is then performed. The muscles are evaluated with regard to color, consistency, contractility and capacity for bleeding.[@bib0420] Muscles that do not present these criteria have a higher chance of being unrecoverable. Tendons should be preserved whenever possible, except in cases in which there is total loss of their function or gross contamination.[@bib0425], [@bib0430]

Some fractures, because of their high degree of initial contamination, require another debridement procedure within 48 h after the first surgical cleaning, which is known as a "second look" at the lesion.[@bib0435]

After completing the surgical cleaning and debridement of the tissues, stabilization of the fracture is performed. The aims of this stage are to restore the length and alignment of the limb, reconstruct the joint surface involved and protect the soft tissues.[@bib0440] The different fixation methods should enable easy access to the surgical wound and early mobilization. Immobilization in a plaster cast does not serve these objectives, especially because this makes it difficult to access the wound. Therefore, plaster casts should not be used for this purpose.

Immediate definitive fixation of the fracture may be performed at the emergency service if the local and systemic conditions allow this, i.e. in situations of absences of soft-tissue lesions, major contamination and clinical instability.[@bib0315] This approach is known as early total care. Classically, immediate internal fixation was only an option if done within the first 6 h after the trauma.[@bib0445] However, reviews of the literature conducted more recently have shown that debridement followed by definitive fixation at the emergency service can be done after this 6-h period, without any increase in the incidence of infection.[@bib0450]

In cases in which definitive fixation is not possible, external fixation has been shown to be the fixation method that is most suitable for stabilizing exposed fractures in long bones, including within the contact of so-called "damage control". This is a rapid and minimally invasive means of providing stability and restoring the alignment and length of the limb. It contributes toward diminishing the inflammatory response relating to the trauma, avoids subsequent damage to the soft tissues and enables easy access to the wound, both for dressings and for surgical procedures for subsequent skin coverage.[@bib0275], [@bib0315], [@bib0455]

One important consideration in using external fixators concerns their conversion to an internal fixation method (plate or intramedullary nail). In the literature, it has been shown that a window of opportunity exists between the seventh and fourteenth days after installation of the external fixation, for conversion to be implemented.[@bib0440] After this period, the risk of infection with internal osteosynthesis becomes greater, such that it is recommended that decontamination of the path of the external fixation pins should be performed through exchanging them, before performing the definitive internal fixation.

The skin coverage in cases of exposed fractures is another topic with a diversity of opinions. One option is to perform immediate primary closure. Alternatively, this could be delayed for 48--72 h. The first option can be implemented in cases of small wounds with little contamination, provided that there is no tension on the edges of the wound (which would lead to a risk of contamination through anaerobic bacteria), and that administration of antibiotics is started within the first 12 h after the fracturing.[@bib0460] Second-intent closure is only rarely performed but has recently presented better results, thanks to the advent of vacuum dressings.[@bib0465]

Closure by means of grafts or flaps can also be used. The development of local flap rotation techniques and the dissemination of microsurgical flap techniques have had a major impact on the prognosis for cases of exposed fractures, given that they have enabled stable good-quality skin coverage and thus have decreased the infection rates and increased the fracture consolidation rates.[@bib0470]

Presence of exposed fractures also gives rise to discussion about whether severely injured limbs should be preserved or not. So far, there are no universally accepted criteria for guiding decisions on whether or not to amputate a severely injured limb.[@bib0475] For this decision, the risk to the patient\'s life and the expected degree of functioning at the end of the multiple procedures required to saving the limb need to be assessed. In 1985, Lange et al.[@bib0480] proposed that amputation should be indicated in cases of injury due to crushing, with hot ischemia lasting for more than 6 h, irreparable vascular injuries, complete amputation of the lower limbs and irreparable injury to the sciatic nerve or tibial nerve, in patients with Gustilo type IIIC fractures. Since then, there have been efforts toward creating scoring systems that might predict whether limb amputation is needed. One of the best known and most used systems is MESS (Mangled Extremity Severity Scoring System)[@bib0485], [@bib0490] ([Table 7](#tbl0035){ref-type="table"}). This scale takes into account the degrees of bone and soft tissue, the duration of ischemia, the patient\'s age and whether or not clinical instability is present. A score of seven points or more on this scale signifies a prediction of amputation of 100%.[@bib0380]

Expectations {#sec0035}
============

Treatments for exposed fractures are continuing to advance. The advances that can be expected include development of the use of mesenchymal cells, which would increase the consolidation success rates; dissemination of the use of grafts coming from tissue banks; and development of replacement bones[@bib0495] and growth factors,[@bib0500], [@bib0505] which would reduce the obstacles and the time needed for treating patients with exposed fractures, thereby restoring their social and occupational functions within a shorter time. In parallel, continual improvement of prostheses may serve as encouragement for patients who suffered severe trauma that resulted in amputation, such that these individuals might become functional and productive again.[@bib0510]

Final remarks {#sec0040}
=============

As presented above, many advances in treatments for exposed fractures have been attained. The main points regarding this progress are as follows:1.Attendance for multiple trauma victims has become systematized, with the creation of well-defined management protocols going from the pre-hospital phase to the hospital phase. This has made it possible for patients to be brought more rapidly to referral centers for trauma care, in a better stabilized condition.2.More hospital centers have become equipped to provide care for such patients.3.Awareness that exposed fractures constitute a medical emergency has become greater among the physicians responsible for the initial management of multiple trauma victims.4.Antibiotics have undergone development.5.Fracture fixation techniques have developed, with the use of external fixation for controlling damage and definitive fixation when the patient\'s systemic conditions and the location of the fracture on the limb allow this.6.Surgical techniques for constructing local flaps and microsurgical techniques have developed and physicians with the capacity to perform these procedures have been trained, thereby assuring stable skin coverage for patients with exposed fractures.7.There have been advances in the techniques for dressings, among which the development of vacuum dressings can be highlighted, thus enabling better local control over wounds.

Nonetheless, these injuries continue to pose a challenge, with the possibility of feared complications, such as infection and non-consolidation, along with the inherent difficulty of dealing with high-energy injuries with significant bone and soft-tissue impairment.
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###### 

Gustilo classification for exposed fractures.

  --------------------------------------------------------------------------------------------------------------------
  [I]{.smallcaps}-- Low energy, exposure less than 1 cm, low degrees of contamination and comminution.
  [II --]{.smallcaps}Exposure of between 1 cm and 10 cm, contamination, soft-tissue injury and moderate comminution.
  [III --]{.smallcaps}Exposure greater than 10 cm, high degree of soft-tissue injury and contamination.
  IIIA -- Primary coverage is possible.
  IIIB -- Primary coverage is not possible.
  IIIC -- Arterial injury requiring repair.
  --------------------------------------------------------------------------------------------------------------------

###### 

AO classification for soft-tissue injury in exposed fracture cases.

  --------------------------------------------------------------------------------------------------------------
  *Skin injury*
   IO 1 -- Punctiform skin injury from inside to outside.
   IO 2 -- Skin injury with contused edges from outside to inside, smaller than 5 cm.
   IO 3 -- Skin injury larger than 5 cm, with devitalized edge.
   IO 4 -- Injury encompassing the full thickness, with severe contusion, loss of skin or extensive degloving.
    
  *Muscle injury*
   MT 1 -- No muscle injury.
   MT 2 -- Circumscribed muscle injury, in one compartment only.
   MT 3 -- Considerable muscle injury, in two compartments.
   MT 4 -- Muscle defect, tendon laceration and extensive contusion.
   MT 5 -- Compartmental syndrome, crushing syndrome and broad injury zone.
    
  *Neurovascular injury*
   NV 1 -- No neurovascular injury.
   NV 2 -- Isolate neurological injury.
   NV 3 -- Localized vascular injury.
   NV 4 -- Extensive segmental vascular injury.
   NV 5 -- Combined neurovascular injury, including subtotal or total amputation.
  --------------------------------------------------------------------------------------------------------------

###### 

Tcherne classification for soft-tissue injuries associated with exposed fractures.

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Fr. 1 -- Skin lacerated by bone from inside to outside, little or no skin contusion and simple fractures resulting from indirect trauma.
  Fr. 2 -- Skin laceration or circumferential contusion and moderate contamination, including all cases exposed due to direct trauma.
  Fr. 3 -- Extensive soft-tissue injuries, generally associated with vascular or neurological injury. Includes fractures relating to ischemia, severe bone comminution, compartment syndrome, injuries in rural settings and high-velocity gunshot wounds.
  Fr. 4 -- Partial or total amputations (separation of important anatomical structures, especially vessels, with total ischemia).
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

###### 

Sequence of initial attendance for multiple trauma victims according to the ATLS.

  ----------------------------------------------------------------------------------
  A -- Keep the airways open and protect the cervical spine.
  B -- Maintain adequate ventilation.
  C -- Ensure circulation and perfusion.
  D -- Evaluate neurological injuries.
  E -- With wider exposure, assess other injuries and protect against hypothermia.
  ----------------------------------------------------------------------------------

###### 

Phases of sequential attendance for multiple trauma victims.

  -------------------------------------------------------------------------------------------------------------------------
  1st phase -- Resuscitation (first hours)
  2nd phase -- Stabilization (one to 48 h). Control over damage in order to avoid hypotension, acidosis and coagulopathy.
  3rd phase -- Regeneration (after the second day).
  4th phase -- Reconstruction and rehabilitation (weeks).
  -------------------------------------------------------------------------------------------------------------------------

###### 

Recommendations for prophylaxis against tetanus in high-risk wounds.[a](#tblfn0005){ref-type="table-fn"}

  History of immunization            Vaccine   Anti-tetanus immunoglobulin
  ---------------------------------- --------- -----------------------------
  Less than 3 doses or unknown       Yes       Yes
  Last dose less than 5 years ago    No        No
  Last dose 5 to 10 years ago        Yes       No
  Last dose more than 10 years ago   Yes       No

High-risk wounds include exposed fractures, wounds due to firearms or cold weapons, wounds with retention of a foreign body and punctiform wounds caused by sharp objects.

###### 

Severity score for mutilation of extremity.

  ----------------------------------------------- ---
  *Musculoskeletal injury*                        
   Low energy                                     1
   Medium energy                                  2
   High energy                                    3
   Extremely high energy                          4
                                                  
  *Limb ischemia*                                 
   Pulse low or absent, perfusion normal          1
   Pulse absent, perfusion low                    2
   Cold limb, paralyzed, insensitive              3
                                                  
  *Shock*                                         
   Systolic arterial pressure always \> 90 mmHg   0
   Transitory hypotension                         1
   Persistent hypotension                         2
                                                  
  *Age*                                           
   \<30 years                                     0
   Between 30 and 50 years                        1
   \>50 years                                     2
  ----------------------------------------------- ---
